The high interdependence between the local thermomechanical stresses and physicochemical reactivity of the surfaces constitutes a recurring difficulty in formalizing dynamic models of interfacial processes [1, 2] . The presence of oxide layer on the surface of metal and alloy is usually reported to reduce friction and wear by preventing direct metallic junctions. The atmosphere and temperature control the surface reactivity, and the protective ability of oxide layers depends on their morphology and chemistry, which determine their resistance [3] . The structuring and the organization of these phenomena into a hierarchy, require test procedures in which the thermal and environmental parameters are precisely controlled in order to define their impact on overall tribological behavior.
INTRODUCTION
The high interdependence between the local thermomechanical stresses and physicochemical reactivity of the surfaces constitutes a recurring difficulty in formalizing dynamic models of interfacial processes [1, 2] . The presence of oxide layer on the surface of metal and alloy is usually reported to reduce friction and wear by preventing direct metallic junctions. The atmosphere and temperature control the surface reactivity, and the protective ability of oxide layers depends on their morphology and chemistry, which determine their resistance [3] . The structuring and the organization of these phenomena into a hierarchy, require test procedures in which the thermal and environmental parameters are precisely controlled in order to define their impact on overall tribological behavior.
EXPERIMENTAL PROCEDURE AND MATERIAL
A new environmental tribometer was developed to allow working at high temperature and in a controlled oxygen partial pressure. The test apparatus was a rotating pin-on-disk configuration. The contact area is 28 mm 2 (pin diameter 6 mm and disk diameter 37 mm). The originality of the device is presented through the resolution of different problems of spindle guiding, heating, loading and driving modes; in addition to the tightness and cooling of the thermally sensitive elements. Various sensors give continuous measurements of the torque (tangential force), load (normal force), displacement (sample damage kinetic), temperature (thermocouples near the samples), pressure (vacuum level) and residual gases (gas analyzer).
This specific tribological tool was validated by studying the friction and wear of alloy 718, a commercial based nickel superalloy with 18.6 wt % of Cr, 18.5 wt % of Fe and 5 wt % of Nb. This alloy has been studied extensively in static oxidation and shows a relative simplicity behavior with regard to steel for example. The high mechanical properties of alloy 718 are mainly due to γ'' precipitates (metastable Ni 3 Nb, 30 to 50 nm in diameter) which lock dislocation moving.
Tribological tests were performed using homogenous pairs of material at a speed of 0.25 m.s -1 and an applied load of 15 N during 20 min under different reactivity conditions: atmospheric pressure (10 3 mbar), primary vacuum (4.10 -2 mbar) and secondary vacuum (5.10 -5 mbar). A first series of experiments have been conducted at ambient temperature with samples as reception and pre-oxidized samples at 650°C during 30 min inside the tribometer chamber and under the same atmosphere as the testing conditions. A second series have been tested at 650°C using pre-oxidized samples in the same conditions as above.
Chemical analysis (SIMS and XPS) have been performed before and after friction experiments to evaluate the thickness and composition of the oxide layer. As received, the oxide layer is very thin (less than 2 nm). Pre-oxidized samples at high temperature under atmospheric pressure show a superficial oxide layer of 200 nm thick mainly composed of (Ni,Fe,O) separated from the substrate by a thin layer rich of Cr 2 O 3 and Nb 2 O 5 and by a weakened chromium sub-surface layer (depletion phenomenon).of the same extent, where γ'' precipitates were dissolved in the matrix solid solution (Ni,Fe,Cr). Pre-oxidized samples under vacuum are essentially composed of Cr 2 O 3 of 150 nm thick for primary vacuum and 100 nm thick for secondary vacuum without a depletion sublayer.
EXPERIMENTAL RESULTATS
At ambient temperature, the alloy 718 as received (without pre-oxidization at 650°C) shows coefficients of friction around 1 and wear depths above 1 µm. As expected, wear increases when oxygen pressure decreases (table 1) . SIMS and XPS experiments performed on samples tested at September 12-16, 2005, Washington, D.C., USA 
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atmospheric pressure, reveal the generation of a chaotic oxide layer (10 nm thick on the pin and 70 nm thick on the disk) composed of (Fe,Cr,Ni,O) with the occurrence of metallic Ni 0 (substrate) in the contact zone. SEM observations are relevant to a highly deformation process of the sliding surface.
With pre-oxidized samples tested at ambient temperature, the wear depths give approximately the same order of magnitude round 0.25 µm. These wear values are significantly lower than previous experiments but remain higher than the initial thickness of the pre-oxidized layer. However, SIMS analysis of the rubbing surfaces at atmospheric pressure proves the formation of a new oxide layer of 20 nm on the pin and 110 nm on the disk.
The pre-oxidized samples tested at 650°C exhibit the lowest wear values about 0.1 µm depth which is less than the initial thickness of the pre-oxidized layers. The thickness of the oxide layer recorded after sliding on surfaces tested under secondary vacuum is again about 30 nm on the pin and 100 nm on the disk. The oxide layer is again exclusively composed of (Fe,Cr,Ni,O). 
CONCLUSION
The tribological experiments conducted on alloy 718 have shown that wear damage is significantly reduced at ambient temperature when an oxide layer is initially present on the sliding surfaces whatever the air pressure. The wear reduction is not so extensive at atmospheric pressure because of the presence of a depletion sub-layer. The temperature rise inside the contact zone produced by the friction heat generation allows the formation of a significant oxide layer on the disk where the main part of the heat is dissipated because of its large area of exchange compared to the pin. With experiments conducted at high temperature, the oxide layer can be regenerated more easily and the wear damage becomes very slight, remaining closed to the initial oxide thickness.
